IMPORTANCE Clinicians who order unnecessary radiographic imaging may cause financial harm to patients who have increasing levels of cost sharing. Clinician predictors of low-value imaging are largely unknown.
I n the quest to contain the rapid growth of medical spending in the United States, policy makers have focused on clinically unnecessary, or low-value, services. Such wasteful care may account for up to one-third of all medical expenditures. 1 Low-value services also can uncover findings that trigger downstream cascades of unnecessary care and clinical harm.
2 Studies 3-7 have found that individual clinician practice variation drives unnecessary care. For example, individual clinician-level variation has been noted in low-value cancer care in Medicare, 7 and clinician ownership of imaging equipment has been associated with increased overall imaging use.
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Clinicians cite patient demand as a major driver of unnecessary medical care, particularly of imaging.
14-17 Patient demand for services was the secondmost-cited barrier to avoiding low-value care in a recent physician survey, after malpractice concerns. 18 However, commercially insured patients are now responsible for a rapidly growing proportion of their medical expenses, 19 which may reduce patient demand for low-value services.
We examined clinician characteristics as predictors for 2 common low-value services: inappropriate back pain and headache imaging. In the absence of certain signs or symptoms indicating a serious underlying cause-such as neurologic problems, history of cancer, or unexplained fever-radiograph, computed tomography (CT), or magnetic resonance imaging (MRI) imaging within the first 6 weeks of acute uncomplicated back pain adds little to no clinical value. 20 Similarly, for headache without neurologic symptoms or signs of a serious underlying cause-such as trauma or history of cancer-CT or MRI imaging are not recommended.
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Methods
The Harvard Pilgrim Health Care institutional review board approved the research protocol.
Data Source
We used deidentified Optum data (OptumInsight), a medical claims data set from a large commercial health insurer. It includes enrollment and demographic information for nearly 29 million commercially insured members across all 50 states from January 2010 to December 2014.
Patient Characteristics
Member demographic characteristics included sex and age. From 2000 US census member block group data and a surname-derived ethnicity variable, we used validated approaches to generate an indicator for race/ethnicity. 22 As proxies for individual socioeconomic status, we classified neighborhoods as high-poverty and low-education based on the proportion of households below the poverty level or whose members had lower than a high-school education.
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Study Outline
We examined individual clinician predictors by modeling lowvalue back imaging (study sample 1) for different clinician specialties: primary care physician, chiropractor, and specialist physician. We then examined individual clinician predictors across clinical scenarios by modeling primary care physician ordering behavior for low-value headache imaging (study sample 2), and modeling how back image ordering is associated with headache image ordering (study sample 3).
Study Sample 1: Low-Value Back Imaging by Clinician Type
We identified acute uncomplicated low-back pain visits among patients ages 18 to 64 years (eAppendix 1 in the Supplement). We were guided by the clinical recommendation against inappropriate back pain imaging defined by Choosing Wisely, a campaign developed by the American Board of Internal Medicine Foundation and other medical specialty groups to reduce unnecessary care. 29 We also used a well-established claims-based algorithm for low-value back pain imaging in the Healthcare Effectiveness Data and Information Set 30 adapted for use in the literature. [31] [32] [33] [34] The algorithm uses International Classification of Diseases, ninth revision (ICD-9), codes to identify low-back pain visits and exclude high-risk diagnoses, and Current Procedural Terminology (CPT) codes to identify radiograph, CT, and MRI back images. Clinicians who billed for visits were categorized as primary care physicians if their specialty description included internal medicine, general medicine, or family practice; other nonradiologist, nonemergency physicians were categorized as specialist physicians. The most common specialties (accounting for two-thirds of specialist visits) were orthopedic surgery, neurosurgery, back and spine surgery, physical medicine, and rheumatology. Chiropractors were defined separately.
Ordering Clinician | We used the vendor-generated anonymous identifier for the billing clinician on a visit claim. We attributed ordered images to clinicians by including only images that occurred within 7 days after an index visit with no intervening visits to another clinician. We trimmed to exclude clinicians who billed for more than the 99th percentile of visits in each scenario (62 visits for back pain, 61 visits for headache).
Clinician Ownership of Imaging Equipment | We flagged clinician ownership of imaging equipment by identifying nonradiologist clinicians who billed for technical or global claims for any
Key Points
Question Given that information concerning geographic variation in health care usage and higher overall radiographic imaging among clinicians who own imaging equipment is well described, is there evidence that ownership of imaging equipment, prior ordering history, and ordering behavior in other clinical scenarios are associated with low-value imaging?
Findings Clinician specialty, imaging for the prior patient, ownership of imaging equipment, and very high rates of low-value imaging for other clinical scenarios are strong predictors of low-value imaging, after adjusting for patient demographics.
Meaning There are several strong clinician predictors of low-value imaging that can guide intervention targets to improve the value of care for patients.
imaging study, not just low-value imaging. Clinicians who see a patient for the clinic visit and also bill for subsequent imaging can either bill a global claim that includes both the technical component for obtaining the image and a professional fee for interpreting the image, or bill only for the technical component. In line with the literature, clinicians who billed for at least 3 instances of imaging (regardless of clinical appropriateness) with a global claim or technical component were considered to own imaging equipment.
7-9,11,35 See used ICD-9 codes to identify visits and exclude high-risk diagnoses, along with CPT codes for CT and MRI of head images. We required patients in both samples to be continuously enrolled during the span used to scan for any red-flag diagnoses (12 months prior to the visit for back pain, 3 months prior for headache). We also excluded inpatient and emergency department visits. a The most common specialties (accounting for two-thirds of all specialist visits) were orthopedic surgery, neurosurgery, back and spine surgery, physical medicine, and rheumatology.
b Low neighborhood education was defined as census block groups in which more than 25% of residents had education levels below high school.
c High neighborhood poverty was defined as census block groups in which more than 10% of residents had incomes below the poverty level.
Study Sample 3: Subset of Primary Care Physicians Who Saw Both Back Pain and Headache Visits After creating 2 separate samples of visits for uncomplicated low-back pain and headache, we explored whether primary care physicians with the highest rates of low-value back imaging were also more likely to order low-value headache imaging. We restricted our analysis to primary care physicians who had seen both uncomplicated headache and back pain visits. To define a high rate of low-value back imaging, we eliminated clinicians who had seen fewer than 4 uncomplicated back pain visits, due to the unreliability of imaging rates for clinicians with too few visits. We then defined highimaging clinicians as those with a low-value back imaging rate at or above the 95th percentile (66.7%), and used this as an independent predictor of low-value headache imaging.
Statistical Analysis
To determine whether individual clinician practice explained a significant proportion of low-value imaging variability, we used a nonlinear random-effects model with logit link function to estimate the level of unexplained variation in lowvalue imaging across clinicians. 7, 37, 38 We used the clinician identifier as the random effect and generated the logit probability of low-value imaging. From this model, we calculated the median odds ratio of low-value imaging to quantify the between-clinician variation in the use of imaging.
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After developing this estimate of clinician-level variation, we quantified the strength of the clinician effect by developing a logistic regression model to predict low-value imaging after a visit. Drawing from the literature, 7 we restricted the sample to clinicians who saw a condition more than once. We used the result of a clinician's prior encounter as a predictor for low-value imaging in the subsequent patient with the respective condition, excluding a clinician's first encounter from the sample. The primary predictor of low-value back and headache imaging in the first 2 samples was the clinician's prior patient result. The predictors for the third sample, low-value headache imaging among primary care physicians who saw both back pain and headache patients, were the clinician's prior headache patient result, and also whether the clinician was at or above the 95th percentile for rate of low-value back imaging.
We then added clinician ownership of imaging equipment to each of the models to report its impact on the clinician predictors and its magnitude as an independent predictor.
We also used marginal effects methods with a binary distribution 40 to adjust the imaging rate for available covariates (patient age, region, sex, race, poverty level, education level) and clinician predictors. This allowed us to compare imaging rates across clinician subtypes. We used SAS software version 9.3 (SAS Institute Inc) and Stata/SE v12.1 (StataCorp) for statistical analyses.
Sensitivity Analyses
Study sample 3 included only primary care physicians who saw an uncomplicated headache visit and 4 or more uncomplicated back pain visits. We conducted sensitivity analyses restricting the sample to clinicians who saw at least 5, 6, 7, or 8 uncomplicated back pain visits. We also reanalyzed after adjusting our definition of high rate of low-value back imaging by lowering to the 90th percentile (35.7% imaging rate).
We ran additional analyses controlling for patient out-ofpocket expenses and observed its impact on our results. See eAppendix 3 in the Supplement for a detailed explanation. To account for some patients contributing multiple acute episodes to the samples, we ran additional analyses using the same models but limiting the sample to the patient's first visit, or a random visit for patients with multiple visits.
Results
Study Sample 1: Low-Value Back Imaging
The cohort of acute uncomplicated low-back pain visits consisted of 1 007 392 visits from 878 720 patients. The sample included visits to 57 859 unique primary care physicians who saw a median (interquartile range [IQR]) of 7 (4-13) acute uncomplicated back pain visits; 27 583 chiropractors who saw a median (IQR) of 10 (5-19) back pain visits; and 15 535 specialist physicians who saw a median (IQR) of 5 (3-9) visits. Refer to Table 1 for a full reporting of clinician and patient visit characteristics.
In the mixed-effects model with random clinician effect, the median odds ratio was 2.59. This indicates that, compared with another random clinician, the odds that a clinician would order low-value imaging was 2.59 times higher if the clinician had ordered low-value back imaging for the prior patient.
In the multivariate logistic model ( Table 2) , if a primary care physician had ordered imaging for the prior patient seen for acute uncomplicated low-back pain, the odds of imaging were 2.08 times higher (95% CI, 2.04-2.12) than for clinicians who did not previously order imaging. Adjusting for clinician ownership of imaging equipment attenuated the effect to 1.81 (95% CI, 1.77-1.85).
For chiropractors and specialists, there were varying, but overall higher, odds of low-value back imaging if the prior patient had received imaging (chiropractors: 2.80; 95% CI, 2.74-2.86 vs specialists: 2.98; 95% CI, 2.88-3.07). For all 3 clinician types, ownership of imaging equipment was a significant independent predictor of low-value back imaging: primary care physicians had 2.06 increased odds (95% CI, 2.03-2.10); chiropractors had 7.76 increased odds (95% CI, 7.51-8.01); and specialist physicians had 4.96 increased odds (95% CI, 4.78-5.15). See Table 3 for predictors by clinician type.
Study Sample 2: Low-Value Headache Imaging
The cohort of acute uncomplicated headache visits consisted of 492 804 visits from 417 010 patients. The overall imaging rate was 7.5%. Patients were seen by 52 876 unique primary care physicians, who saw a median (IQR) of 7 (4-13) acute uncomplicated headache visits.
In the mixed-effects model with random clinician effect, the median odds ratio was 2.49. This indicates that, compared with another random clinician, the odds that a clinician would order low-value imaging was 2.49-fold higher if the clinician had ordered low-value headache imaging for the prior patient.
In the multivariate logistic model (Table 2) , if a clinician had ordered imaging for the prior patient seen for uncomplicated headache, the odds of imaging were 2.20 higher (95% CI, 2.13-2.25). Adjusting for clinician ownership of imaging equipment attenuated the result to 2.00 (95% CI, 1.95-2.06). Ownership of imaging equipment independently predicted 1.88 higher odds of low-value imaging (95% CI, 1.82-1.94).
Study Sample 3: Whether High Rate of Back Imaging Predicts Low-Value Headache Imaging
The 34 190 unique primary care physicians who saw patients with both conditions of interest accounted for 405 721 headache visits from 344 991 patients. The median (IQR) number of headache visits for these clinicians was 9 (5-17). Clinicians actively generated claims for a median (IQR) of 7 (5-8) quarters.
In the multivariate logistic model (Table 2) , if a primary care physician had ordered imaging for the prior patient with a headache, the odds of head imaging were 1.91 higher (95% CI, 1.84-1.97). Adjusting for ownership of imaging equipment attenuated this effect to 1.80 (95% CI, 1.74-1.86), and ownership of imaging equipment remained an independent predictor of low-value headache imaging (odds ratio, 1.65; 95% CI, 1.59-1.72).
Finally, if the clinician exhibited a high rate of low-value back imaging (≥ 66.7%), then there were 1.78 higher odds of Table 4 for the impact of addition of ownership to the model across clinical scenarios. With a concern for collinearity between high rates of lowvalue back imaging and imaging equipment ownership, we reanalyzed the model without the high rate of low-value back imaging and the odds ratio for ownership changed minimally, suggesting minimal collinearity (eAppendix 2 and eTable 1intheSupplement).
Adjusted Imaging Rates
Adjusted imaging rates are summarized in Table 5 . The 1.81 increased odds of low-value back imaging for primary care physicians who ordered prior imaging translated to an adjusted imaging rate of 20.3% (95% CI, 20.0%-20.6%) among those who ordered prior imaging vs 12.5% (95% CI, 12.4%-12.6%) among those who did not. The 1.53 increased odds of lowvalue headache imaging for primary care physicians who had high rates of low-value back imaging translated to an adjusted rate of 11.2% (95% CI, 10.7%-11.7%) among frequent imagers vs 7.6% (95% CI, 7.5%-7.7%) among infrequent imagers.
Sensitivity Analyses
Sensitivity analyses using higher minimum numbers of back pain visits (from 4 to 8 visits) to define clinicians with a high rate of low-value back imaging did not change results. Lowering the threshold to define high rate of low-value back imaging from the 95th percentile of clinicians to the 90th percentile led to small decreases in the magnitude of the clinicianlevel predictors that do not alter our overall findings (eAppendix 2 and eTable 1 in the Supplement).
Controlling for expected patient out-of-pocket expenditure for imaging led to nearly imperceptible changes to our results (eAppendix 3 and eTable 2 in the Supplement). Running the models on only a patient's first visit or a random visit for patients with multiple visits also did not change our conclusions (eAppendix 4 and eTable 3 in the Supplement).
Discussion
Among commercially insured patients, a clinician's prior imaging pattern and ownership of imaging equipment were strong independent predictors of low-value back pain and a Values were marginally adjusted for patient age, sex, poverty level, education level, race, US region, and clinician ownership of imaging equipment.
b The most common specialties (accounting for two-thirds of all specialist visits) were orthopedic surgery, neurosurgery, back and spine surgery, physical medicine, and rheumatology.
c High rate of back imaging was defined as clinicians at or above the 95th percentile for absolute imaging rate (66.7%). 57 and because of increasing patient cost sharing, low-value imaging will increasingly cause "financial toxicity" 58 to patients. Future interventions to reduce low-value care could attempt to convey these important findings to patients and clinicians.
Limitations
Our study had several limitations. We were unable to adjust for potentially relevant clinician characteristics such as training, demographics, practice type, and compensation structures. Although ownership of imaging equipment captures a very important financial incentive, we do not capture arrangements where clinicians might gain financially despite not directly billing for imaging. We focused our analysis on outpatient visits because clinician identifiers did not adequately distinguish individual clinicians in nonoutpatient settings, limiting generalizability of our findings to other settings such as the emergency department. Additionally, our findings apply only to commercially insured patients. Finally, claims data might not fully capture concerning signs or symptoms of low-back pain and headaches, but we used standard claims-based definitions and any misclassification is unlikely to be large enough to change our conclusions.
Conclusions
Among commercially insured patients, strong predictors of low-value back pain and headache imaging included a clinician's history of ordering low-value imaging, a high rate of imaging in another low-value clinical scenario, and clinician ownership of imaging equipment. Stakeholders should use this information to design clinician-targeted interventions to reduce low-value care. Imaging of the lower spine before six weeks does not improve outcomes, but does increase costs. Low back pain is the fifth most common reason for all physician visits.
Don't do imaging for uncomplicated headaches (American College of Radiology)
Imaging headache patients absent specific risk factors for structural disease is not likely to change management or improve outcome. Those patients with a significant likelihood of structural disease requiring immediate attention are detected by clinical screens that have been validated in many settings. Many studies and clinical practice guidelines concur. Also, incidental findings lead to additional medical procedures and expense that do not improve patient well-being.
Description Claims Algorithm
Don't do imaging for low back pain within the first six weeks, unless red flags are present (American Academy of Family Physicians)
Low back pain visit to a clinician for adults 18-64. We excluded patients with back pain visit in the prior 180 days (6 months). We excluded low back pain visits with red-flag diagnoses that would render imaging potentially appropriate, including neurologic deficits, constitutional symptoms, tuberculosis, septicemia, endocarditis, osteomyelitis, and trauma. Don't obtain imaging studies in patients with non-specific low back pain (American College of Physicians)
We further excluded visits if those same red-flag diagnoses occurred temporally proximal to low back pain visits (between 180 days prior to the index visit or after the index visit but prior to the date of image) and visits with certain chronic diagnoses, such as personal history of cancer, tuberculosis, or intravenous drug use were recorded between 365 days prior to the index visit.
Among the remaining non red-flag visits, X-Ray, CT, or MRI of the back were counted as low-value is they occurred within 7 days after the index visit, with no other intervening visits to other providers.
Don't do imaging for uncomplicated headaches (American College of Radiology)
Headache visits for adults 18-64, excluding those with a headache visit in the prior 90 days (3 months). We excluded headache visits with redflag diagnoses that would render imaging potentially appropriate, including trauma, epilepsy/convulsions, neurologic deficits, giant cell arteritis.
We further excluded visits if those red-flag diagnoses occurred proximal to the headache visit (between 90 days prior to the index visit or after the index visit but prior to the date of the image) and visits with certain chronic diagnoses, such as a personal history of cancer.
Among the remaining non red-flag visits, CT or MRI of the head were counted as low-value if they occurred within 7 days after the index visit, with no other intervening visits to other providers. In our analysis, we also attempted to control for patient financial incentives to demand imaging, particularly those with no cost sharing for additional testing, and adjust for its impact on clinician image ordering behavior.
Our dataset did not have comprehensive benefit details for all members that could reveal the exact expected patient cost sharing for imaging. As a result, we calculated total patient out-of-pocket (OOP) expenditures for the clinician visit, expecting that patients' OOP obligations for the visit would be proportional to their obligations for imaging. We categorized non-zero visit OOP expenditures into tertiles, resulting in categories of $0, ≥$0 to $24.99, between $25 and $34.99, and ≥$35.
Stratifying by visit OOP expenditure allowed us to capture the varying financial incentives faced by patients in a heterogeneous set of plan structures. For instance, traditional plans charge $25 co-pays for visits with little cost sharing for subsequent imaging, while less generous plans charge higher co-pays and coinsurance. Other plans, notably high-deductible health plans where members are responsible for at least the first $1,000 of their care annually, generate the full charge for acute clinician visits as well as subsequent imaging. Finally, members with zero OOP expenditure for their visit either were in very generous plans with no cost sharing for visit or imaging, or were enrolled in high-deductible plans and had surpassed their deductible.
When we compared our expected OOP expenditure to the actual OOP expenditure for patients who ultimately received imaging, 92.8%, or 10,814 of 11,653 obtained images predicted to have zero OOP expenditure actually had zero OOP expenditure.
We added this expected OOP expenditure for imaging into our main models and found it made nearly imperceptible changes to our results. See the c The most common specialties (accounting for 2/3 of all specialist visits) were orthopedic surgery, neurosurgery, back and spine surgery, physical medicine,
